Saturated hydrocarbon polymers, such as, for example, fluorine-containing rubber, siloxane rubber, and ethylene-propylene rubber, are effectively vulcanised by organic peroxides. Owing to the formation of heatresistant carbon-carbon bonds with high energy between the rubber macromolecules, vulcanisates produced using peroxide crosslinking systems possess increased thermal stability and resistance to thermo-oxidative ageing and other effects. This makes peroxide vulcanisation central to the creation of various mechanical rubber goods.
The production of hydrogenated butadieneacrylonitrile rubber (HBAR) and the demand for this material are rapidly developing worldwide. By comparison with normal butadiene-acrylonitrile rubber, HBAR possesses high thermal stability (up to +150°C) and high ozone resistance, which is particularly important for articles operating at elevated temperature in corrosive media. Like a number of other saturated elastomers, HBAR is vulcanised by peroxides. Normal peroxides for the rubber industry are used for its vulcanisation.
In this context, it was of interest to study the kinetics of peroxide vulcanisation of rubber mixes based on HBAR, and also the structure and properties of the vulcanisates produced.
The investigation was conducted on rubber mixes based on hydrogenated butadiene-acrylonitrile rubber (produced by Bayer) with an acrylic acid nitrile (AAN) content of ~34%. For vulcanisation, use was made of a vulcanising system including 4.0-8.0 parts bis(tertbutylperoxyisopropyl)benzene and 2.0 parts triallyl isocyanurate (TAIC) (by mass) as a peroxide vulcanisation coagent [1] . The vulcanisation of rubber mixes was conducted in a hydraulic press at temperatures of 140 ± 2°C, 160 ± 2°C, and 180 ± 2°C.
The kinetics of the vulcanisation process was studied from rheometric curves taken on a Monsanto instrument (model ODR 2000) in accordance with the GOST 12535-84 standard. To determine the parameters of the processes of structure formation and degradation that occur during vulcanisation, use was made of a method based on the Sheele equation [2] , with account taken of an analytical method developed earlier [3, 4] . The crosslink density of the HBAR-based vulcanisates obtained was determined from data of equilibrium swelling in benzene (GOST 9.030-74) at a temperature of 23 ± 2°C.
To characterise the structure of the crosslink network, use was made of the elasticity constants C 1 and C 2 of the Mooney-Rivlin empirical equation [5] . The constant C 1 in the Mooney-Rivlin equation is proportional to the number of chemical crosslinks of vulcanisates. The constant C 2 is a more complex characteristic of networks that is linked with the deviation of the experimental load-strain dependence from the theoretical [6] [7] [8] . To determine the constants C 1 and C 2 under conditions of uniaxial elongation, use was made of vulcanisate specimens that were subjected to strain under increasing load. The load was selected such that the degree of elongation of the specimens amounted to 1.1, 1.15, 1.20, 1.25, 1.3, and 1.4, and they were held under constant load for 1 h. The results obtained were processed by the least-squares method.
The physicomechanical properties of the vulcanisates were determined by standard procedures.
The Mooney viscosity of HBAR-based rubber mixes containing peroxide crosslinking systems is given in Table 1 . It was shown that rubbers produced using peroxide crosslinking systems are characterised by the absence of scorching at the rubber mix processing temperatures. This is due to the fact that the half-life of the peroxide agent used by us at a temperature of 120°C amounts to ~7 h [9] .
Study of the kinetics of vulcanisation of rubber mixes (Table 2) showed that, when peroxide crosslinking systems are used, with increase in the vulcanisation temperature there is a reduction in the induction period and an increase in the vulcanisation rate R v . This is due to the optimum temperature of effective decomposition of the peroxide agent, which amounts to 160-170°C [9] . Vulcanisates produced at a temperature of 180°C are characterised by a fairly long time of the start of vulcanisation and a high rate of the vulcanisation process.
The infl uence of the amounts of peroxide and the vulcanisation temperature on the degree of crosslinking was assessed from the difference between the maximum and minimum torques. With increase in the content of peroxide in the vulcanising system from 4.0 to 8.0 parts (by mass), the degree of crosslinking increases. With increase in the vulcanisation temperature from 140 to 180°C, the change in the quantity M HR -M L is non-linear in nature. The maximum degree of crosslinking is achieved at a vulcanisation temperature of 160°C; with further increase in temperature, the degree of crosslinking decreases slightly.
The dependences of crosslink density on vulcanisation temperature, obtained from the results of rheometric measurements, are confi rmed both by the equilibrium swelling method and by the Mooney-Rivlin equation constants ( Table 3) .
As can be seen from the data given in Table 3 , with increase in the peroxide content, the degree of crosslinking of the vulcanisates, estimated from the results of equilibrium swelling and the constants of the Mooney-Rivlin empirical equation, increases. With increase in the vulcanisation temperature from 140 to 160°C, the indices characterising the degree of crosslinking increase, but with increase in temperature to 180°C they decrease, which is consistent with the data presented in Table 2 .
Such a nature of change in the structural parameters can probably be attributed to an increase in the proportion of degradation reactions in the process of formation of the three-dimensional structure of the vulcanisate at a vulcanisation temperature of 180°C.
To confi rm the above assumption, on the basis of the vulcanisation parameters obtained on the rheometer, the activation energy of the processes of structure formation and degradation of the rubber compounds was estimated ( Table 4) . Table 4 indicate that, during peroxide vulcanisation of rubber compounds, with increase in the vulcanisation temperature from 140 to 180°C there is an increase both in the rate of structure formation reactions and in the rate of degradation reactions. However, the rate of the degradation reactions increases several times more rapidly, which probably leads to a reduction in the crosslink density in vulcanisates produced at 180°C.
The results presented in
The physicomechanical properties of the vulcanisates ( Table 5 ) confi rm the above assumption concerning the infl uence of the amounts of crosslinking agent and the vulcanisation conditions on the density of the crosslink network formed.
As can be seen from the data in Table 5 , with increase in the peroxide content in the vulcanising group, the nominal tensile strength and the stress under 100 and 300% elongation increase, and the breaking elongation, tension set, and tear strength decrease. The best combination of physicomechanical properties is achieved at a vulcanisation temperature of 160°C.
As is known, one of the main advantages of peroxide vulcanisation is the low level of accumulation of residual compressive strains. In this connection, it was of interest to study the level of accumulation of residual compressive strains in vulcanisates produced using peroxide crosslinking systems. The residual compressive strains were determined with variation in the holding temperature of specimens from 100 to 150°C (Figure 1) .
The magnitude of the residual compressive strains is infl uenced greatly by the size of the segment between two crosslinked points of the vulcanisation network. With a suffi ciently large segment length, i.e. with low crosslink density, weak intermolecular interactions arise between the chains of macromolecules, which, under the action of high temperatures and strains, readily break down and form at new points, fi xing the stress state, which has an 
